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TECHNICAL MEMORANDUM

DEVELOPMENT AND TEST OF ADVANCED
COMPOSITE COMPONENTS

INTRODUCTION

The report documents the dovolopment effort to improve the design and load-

carrying ability of a complox cornor fitting, using advanced filament composites in a
resin. matrix (Epoxy),

The Optical Telescope Assembly portion of the Space Tolescope contains a num-
ber of graphite epoxy structures. One of these structures is the Focal Plane Struc-
ture (FPS) (Fig. 1), a critical structural assembly requiring a high order of thermal
stability, structural stiffness, and low weight. The graphite epoxy layup of the FPS

is designed to achieve a coefficient of thermal expénsion (CTE) of #0.09 x 10”6 in./
in./°F. Among the components making up the FPS are eight brackets that provide
support for the four radial instruments that are carried on the FPS. These eight
brackets are of a configuration. commonly known as "bathtub fittings" in aerospace
structures parlanee, and are of titanium. . .

The original design of these bathtub fittings, however, was of graphite epoxy
with a pseudoisotropic layup to achieve the specified CTE. Structural testing of
these bathtub fittings to 1.4 x limit load was required to verify the design. These
fittings failed in test, some demonstrating an ultimate factor-of-safety of only 1.15
instead of the required 1.4 factor.

Due primarily to these unpredicted low factors (schedule was also an important
deciding factor), the penalties in weight and pointing stability were accepted and the
fittings were redesigned for titanium. As a number of new projects, such as AXAF,
require optical benches with stringent dimensional stability during thermal excursion,
application of graphite /epoxy composites will be required.

Existing technology is limited in design, analysis, fabrication, and test of
complex components, = “®icated from Pitch 75 graphite fibers, especially the effects

of layup changes on the ultimate strength, the stress distribution and correlation of- --——-

strain. gage data to analysis results, . -

Since bathtub fittings are a common configuration for aerospace structures, it
became obvious that development work for such fittings is required if graphite epoxy
is to be a.wviable candidate for these structures.

The development objectives for this program were: evaluation of layup changes
to improve ultimate strength of fabricated components, develop basic material data,

establish analysis methods, and verify the design and analysis through test of full-
size components.

In order to eliminate erroneous results, it was decided to fabricate and test

threc parts of each design. This would average the variations in as-fabricatei
properties and tolerances.
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COMPONENT DESIGN

The component selected for the development effort has a complex shape, referred
to as "bathtub fitting," and is shown in Figure 2. Four different designs were dxe-
cuted, differing from each ather by the arrangemont (layup) of the comporite material,
Designs are shown on Figures 3 through 6,

Analysis of tho failed initinl FPS bathtub fitting showed that the fractures
developed along the laminate splice-linos. Duo to the laminate flat pattern doslgna,
these splice-lines lay along the cornors of thd fittings and had only a slight staggor
betwean plles. Tho threc layup patterns selected for this program woro designed
maintaining tho same laminate material, fiber orientatlon, rosin contont, and basic
dimonslons of the P-E fittings. However, the layup patterns wore modified to relocate
the splice-lines in planes away from tho corners. Also, radius fillers were added for
the areas in. contact with the test fixturc and bolt heads.

The following discussion summarizes the design variations. Figure 2 details tho
basic dimensions, the radius fillers, and the alternating of the laminate flat patterns,
Figure 3 shows the first design (27TM1003) which is the original FPS bathtub fitting.
Additional fittings of this design were fabricated to compare their fabrication quality
to the originals — to minimize test errors due to variation in workmanship. Figure 4
gives another layup (27M1001) which relocated the splice-lines to the sides of the fitting
with staggered splice-line angles of 30 deg and 60 deg. The third. design, Figure 5
(27M10002), had overlapping "tabs" on the top and back planes so that each laminate
had one continuous (not spliced) surface for each surface that was spliced. These
additional tabs increased the wall thickness on these. surfaces but afforded better
continuity. The last design, Figure 6 (21M10009), is an assembly of three laminates,
each of which provided continuity around the corners in one direction (a total of three

laminates for the three viewing axis). Reduced drawings for all eomponents.are
attached to the report.

RADIUS FILLERS

TYPICAL FLAT PATTERN FOR
LAYUP (FIBER DIR 0° . £ 45°, 909)

4.18

Figure 2. Composite bathtub fitting.
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MATERIAL CHARAGTERIZATION

5 The P768/934 graphite/epoxy bathtub fittings were modeled using the finite

eloment method in order to predict their behavior under actusl loading conditions, :
For the model to be somewhat pccurato, material properties of the system had to he d
determined. The material properties detormined for this system include tonsile, com-

|

| H
-0 pressive, and shear properties for both unidirectional and quasi-isetrepic (0/145/90) '~
i laminates.

| Equipmont Used b

The P758/934 tape was supplied by Fiberite, Inc., to Dovelopmental Sclenccs, .
Inc., which then prepared laminates and supplied them to the Marshall Space Flight
Conter for characterization. The laminates were cut into the desired sample sizes by i
ﬁ a water-cooled diamond saw, and holes were drilled in the laminates (when appropriate) " y
. by a water-.ooled drill press. An Instron 1125 mechanical testing machine, in conjunc- &
" tion with a Fluke 2450 MCS data acquisition system, was used to determine the mech- »
K anical properties of the material. Fiber volume fractions were obtained by determining f
the density of the composite material and then, assuming no voids were present, com- ‘o
paring that density with the reported densities for the fiber and resin as supplied by f
Fiberite to determine the fiber volume fraction.

Test Procedures

I W W F Tl e s

Unidirectional Material

; Tensile tests were performed on unidirectional material to determine longitudinal !
i and transverse Young's Moduli, E1 and Ez, longitudinal and transverse ultimate )

strengths, Fgu and--thg, and the major Poisson's ratio Vig+ The tests were performed
| according to ASTM D3039-76. 8-ply laminates with specimen dimensions 0.500 in. wide i
by 9.00 in. long, using a 6.00-in. gage length, were used to determine El’ Fau, and
Vg 16-ply laminates, with specimen dimensions 1,000 in. wide by 6.50 in. long,

using a 3.50-in. gage length, were used to determine E2 and F;% :

Compression tests were performed to determine Fg“ and Fg‘é, the longitudinal !

and transverse compressive strengths, respectively. The test method used was ASTM '
D3410-76 (the Cleanese test fixture). 16-ply laminates, with specimen dimensions § i
0.250 in. wide by 5.5 in. long, using a 0.500~in. gage length, were used to deter- tod

cu cu !
mine both F0 and F90° i

L md.

Irplane shear tests were performed to determine the inplane shear modulus 012

i

|

in the inplane shear strength F5Y, Two different tests were used to determine these i
properties. (}12 was determined by the three-rail shear test (in ASTM, committee, not 1
s

|

i

published), and F®Y was determined by the 45 deg cff-axis tensile test (same pro-
cedure as ASTM D3039-176). 16-ply laminates were used for both procedures; sample

b,
LW - TR TSI r,
= A - : LA

N 3 mmpan I J 38
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.. dimensions were 6,00 in. by 6,00 in. with nine approximately spaced 0,8~in, diameter

holes for the rail shear test and 1,00 in, wide hy 9,00 ig, long with a 6.00~in, gage
length for the 456 deg off-axis.test,

Quasi-lrotropig Material

Tensile tests on quasi-isotropic material wore performed to dotermine Ex' F;u.
and Vxy! the longitudinal (and transverse) Young's Modulus. ultimate tensile strength,
and Poisson's ratio, respectively. 16-ply laminatos (0/:45/9028) and 24-ply laminates
(0/148/9038) wore hoth used for comparative purpeses, Samplo dimensions wero
identical to those for the 80 deg tensilo tosts.

Compression tests woere used to determine Fgu. the longitudinal (and transverse)

compressive strength. 16-ply laminates were used, and sample dimensions were iden-
tical to those uscd on unidirectional material.

Three-rail shear tests were used to determine the inplane shear modulus und
ghear strength, ny and F5Y, Both 18-ply and 24-ply laminates were used, and
specimen dimensions were identical to those for the unidirectional material.

RESULTS AND. DISCUSSION

The material properties that were determined agree well with those obtained in
other laboratories for the same material. All properties may be found in Tables 1 and
2, including fiber volume fractions.

Unidirectional Material

Based on the fiber volume fraction and the given properties for the P75S fibers,
the results for the unidirectional material seem reasonable, allowing for discrepancies
in the determination of the fiber volume fraction.

One problem that did occur in the characterization of the unidirectional material
was obtaining a-representative inplane shear strength. The rail shear test results in
very low shear strengths for unidirectional material, so the 45 deg off-axis tensile
test was used to determine shear strength. However, the strengths that are obtained
by this method can be as much as 30 to 40 percent low. Thus, the values obtained
may be very conservative.

Quasi-Isotropic Material

Elastic properties (Ex’ Yy ny) for quasi-isotropic material can be predicted,

based on unidirectional properties, by the use of classical lamination theory (CLT).
The properties that were measured could be compared with those that were predicted.

The Young's Modulus obtained for 16-ply laminates ugreed well with that pre-
dicted by CLT: however, the Poisson's ratio and inplane shear modulus did not. The
Poisson's ratio was not good, probably because of poor strain gages, and the shear
modulus was not good because of testing problems. Because of a lack of any more
16-ply material, 24-ply materials were tested to obtain better results.
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TABLE 1. PROPERTIES OF UNIDIRECTIONAL P768/934

Ve

By, Mol 39.2 0.56 o

| By Msi 1.14 0.60 -
Gyp0 Msi- 0.574 0.60 /
vyq Msi 0.337 0.56 . ’
Fpl, kel 105.5 - ‘
Fg", ksl 42.0 --- ' . q
FiY, ki 3.08 —- ;

! Fgg» ksi 15.8 —— ‘

J‘ F®Y, ksi 3.02 - |

TABLE 2. PROPERTIES OF (0/%45/90) P758/934

g e e

Ligmy = 4

No. of Plies Y_f
_ E,, Msi 14.6 16 0.57
-" Gy Msi 5.16 24 0.58 ‘
Vey 0.343 24 0.58 ¥
FLY, ksi 39.4 16 —- j; :{
FCU, ki 28,0 16 - Ci
FCY, ksi 5.62 16 - 4‘§<

The Poisson's ratio and inplane shear modulus agreed with theory for the 24-ply i
A material, but the Young's modulus did not. One inference that may be made is that
,:: the Young's modulus may be thickness-dependent, while the other two elastic proper- |
¥ ties may or may not be dependent on thickness. Table 3 compares CLT values with i
o the actual measured values for the material.

Although strength properties cannot be predicted by CLT, the results were
within reason for a quasi-isotropic laminate, compared to the unidirectional properties.

10




v,

The iuplane shear strength may again be tco conservative, and is based on the 16-ply
tests because the loads required on tho 24-ply samples were so great that the samples o
2 slipped In the test fixture, -.. .

TABLE 3, COMPARISON OF ELASTIC PROPERTIES FOR (0/:45/90) |
P758/934, PREDICTED VERSUS MEASURED {
:'f‘*'. {

Predicted Measured
- 16 Plies 24 Plies -
2 E,, Msi 13.9 14.6 11.4 o
. Gy s Msi 5.25 4.30% 5.16 ‘

v b |
Vey 0.325 0.376°. Lo 0.343 f

a. Slippage in fixture and possible strain gage bonding problems.
b. Possible strain gage bonding problems.

STRUCTURAL ANALYSIS

The finite element method and classical lamination theory were used to perform
the analysis. A finite element program (SPAR) was used in an uncoupled format to
calculate laminate in-plane force resultants (Nx’ Ny, ny) and moment resultants

(Mx, My’ Mxy)‘ These were then input into a laminate point stress analysis program

(8Q5) to calculate surface strains, which were compared with test strain gage data.
The finite element model is present in Figuce 7.

T m e e

COMPONENT FABRICATION

:’(.
e e M

R The composite components were fabricated under contract by Development

y Sciences, Ine., 15757 E. Valley Boulevard, P,O., Box 1264, City of Industry, Cali-
e fornia 91748. Also included were the production of the flat panels needed for material
characterization samples. The individual layers were cut according to the template
pattern and laid up on a male steel mold with approximately 1 in. excess for trimming
to final dimensions. A precompaction operation was performed after every eight plies
to eliminate voids and wrinkles (Table 4). The prepreg used was P75/934, supplied
by Fiberite Corporation, and the parts were processed as shown on Table 4, including
; the bonding operation required for parts 21M1009. The ply orientations were inspected
=] during layup and before bagging of the completed part. After curing, the holes were !
— drilled and final contour machined., Similar inspection was required for the flat panels, :
2 Shipping inspection at the contractor plant, including dimensional verification or devia- i
tion documentation, was performed. At MSFC, the parts were inspected for dimen-
sional conformaonce and overall appearance,
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DEFORMED AFTER LOADING

UNDEFORMED PRIOR TO LOADING

e s e
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Bathtub fitting finite element model.

Figure 7.
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TABLE 4. PROCESS AND CURE CYCLE SUMMARY FOR
D8I PART FOR NASA DRAWING NUMBER 27M10003-1 . '

1. Pre-compaetion - overy 8 plies @ 150°F and 7 psl (vacuum only) 1.0 hr,

2. Cure

1, Place in A/C draw full vacuum (26 £ 2" Hg)

2. Pressurizo to 100 * § psig - vent vacuum to atmosphere @ 25 psig
3. Ramp Heat-up @ 2-5°F/min to 250°F % 10°F

4., Hold 250°F 60 min,

6. Ramp Heat-up @ 2-5°F/min to 350°F * 10°F

!
|
’ 8. Hold 350°F 120 min, !
7. Cool down under pressure @ 2 * 1°F/min to 150°F max. b
] 8. Release pressure and remove from A/C.

3. Bond and Post Cure !

1. Apply *EA934 to-all faying surfaces - apply mechanical pressure
to & 20 psi

2. Place in air convected oven

3. Heat-up @ 2-5°F/min to 150°F # 10°F

4. Hold 30 min @ 150°F

5. Heat-up @ 2-5°/min to 250°F + 1Q°F

6. Hold 30 min @ 250°F | f-

7. Heat-up @ 2-5°F/min to 350°F &+ 10°F ’

8. Hold 480 min (8 hrs) @ 350°F '

9. Cool Down @ 2° * 1°F to 150°F

10. Remove from oven.

Cure charts available for pre-compaction and cure.

*EA934 is an asbestos filled adhesive per the included data sheets 1
through 3.

L A s e

[

5

Results A

Inspection of delivered parts at MSFC revealed the following: all thicknesses,
which are determined by the number of plies, were approximately 20 percent above the
the specified dimensions on the drawings. The discrepancy was traced to the fact
that the contractor had ordered a prepreg material with a Fiber Area Weight (FAW) of

159 gr/m2 with a resin content of 37 percent by weight. In order to achieve a nomi-

nal cured layer thickness of 0.005 in., the required FAW would be 142 g'/mz. As the
contractor had used the material with the higher FAW and complied with the prescribed
resin content (37 percent by weight), the ply thickness increased to 0.0082 and all
dimensions depending on the number of layers increased accordingly. This change
was accounted for in the analysis and material property documentation. Furthermore,
due to the layup on a male mandrel, the interfaces to the test fixtures were not
always flat and some shimming was required.
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STRUCTURAL TEST T T

Summary

: The composite material "hathtub" fittings were loaded to fallure during the :
= period of Novemboer 7, 1984, to July 10, 1084, The ultimate fallure load varied from ]
- a low of 2,229 1b to a high of 4,492 lb., Table 6 glves a listing of the test specimen

and the ultimate foilure load. . e,

& Tost Description *

Each "bathtuo" fitting was instrumented with strain gages as per requirements .
of the stress analyst. The component was then installed into the test setup (Fig. i
8 and 9) with mechanical measurements to verify the alignment. Two deflection gages ,
were utilized, one to monitor movement/deflection of the support structure and one Y {'
to monitor the deflection of the "bathtub! fitting. i

The loading sequence for the first test specimen was as follows: (a) compres- 1
sive load of 1,000 1b and return to zero; and-(b) tension load until failure. All
succeeding specimen were loaded to 1,000 lb tension (increments of 250 1b) then z
returned to zero. The procedure was repeated until an acceptable repeat of zero ;
was obtained. A tension load was then applied until the test specimen failed. The
load, deflection, and strains were recorded, beginning prior to start of loading and
ending after test specimen failure, at._a rate of 1 scan per 200 msec. |

T o 3 e A e 3

Test Anomalies

The test specimen, 27M10003 SN-1 did not have fillet inserts. When the speci-
men was installed into the test fixture, there were gaps between the speécimen and
the test fixture. The procedure used for attaching the specimen was as follows: !
the two lower bolts were torqued first, then- the two top bolts. After torquing, the t
gaps between the specimen and the mounting surface were measured. Figure 10 illus-
trates the condition that existed.

The deflection gages werc inoperative during the testing of specimens 6, 7, 8, !';'7:‘\5‘
and 9. This was the result of an equipmeni malfunction that was not deteeted until P
test preparation for specimen 10. ‘t
Test Data . *
A printout of all test data was furnished at the completion of the test for each
specimen, The data tapes will be retained fer a period of one year. J
Test Results
Table § presents the ultimate failure loads. The results for each group of
fittings are presented in the following four sections. )
“.
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TABLE 5.

Bathtub Fitting

27TM10001 S/N3
27M10001 S/N4
27M10001 S/N2

27M10002 S/N2
27M10002 S /N4
27™10002 8/N3

27M10003 S/N1
27M10003 S/N2
27M10003 S/N3

27M10009 S/N2
27M10009 S/N1

Date Tested

11-4-83
2-14-84
5-17-84

6-20-84

6-21-84.

7-9-84

7-9-84
7-9=84
7-9-84

7-10-84
7-10~84

* Did not have radius insert.

TEST RESULTS

Ultimate Fuilure Load (1bs)

4046
3703
3492

4492
4083
4387

2229%
3266
3659

3237
3015
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Figure 10. Bathtub fitting mounting anomaly for Specimen 27M10003 SN1.

— l”"’ 0.030 MEASURED AT MOUNTING BOLT

—

e o i

0.0206 MEASURED AT MOUNTING BOLT

— 0.040 MEASURED (APPROXIMATELY 1 INCH. FROM TOP
OF EITTING)
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248 1, 29M10001 Test Results '

There was a prohlom with tho kapton backing used for the flrat test, 8/N 38,

1 and 66 percent of tho 82 channela did not provide data sultable for ovaluation pur-

b posea. Kapton was not used on any of tho following tents, and the numhor of chan- L

nels was raduced to 39 for 8/N2 and 8/N4. Channeols 1T13 and 3T13 were lost on S

8/N2, and channel 1713 war lost on 8/N4. Also, othor strain gago locations were S

not optimal., Thoy woro located oithor too close to freo edgos or too close to the
soams of the laminate layup. Datu for three of those loeations are presonted in
. Tables 6 through 8. Loeation of thoso strain gagos is presented on Figuro 11,
. the romaining fittings, it was docided to roduce tho numbor of channols to 9 (3

) rossettes) and to placo tho strain gages in locations whore. failurcs occurroed. !

On

d. TABLE 6.

Load (lb)

0
276 ... ..
506
1105
1536
1960
2492
2994

27TM10001 S/N2 STRAIN GAGE TEST DATA (uin./in.) o

3T1

6
24
43
86

106
137
155
161

32
3
43
66
143
203
270
385
498

ar3

12T'1

3
33
65

118
161 °
197
221
216

12T2

3
-12
-24
~58
-82

-106
-130
~143

1213

6
12
21
48
73

100-
139
160

These are strain gages in the same location on opposite sites of the ;
fitting. (Refer to Figure 11.)

TABLE 7. 27M10001 STRAIN GAGE TEST DATA (upin./in.)

S/N4

S/N2

B I

R

Loads (lb) 7T1

T2

T3

T1

T2

T3

8T1

S/N4
8T2

0 -6
242 3
529 10

1046 26
1506 45
2010 67
2519 90
3031 128

These are strain gages in the same location on two

same design.

R e e T UL,

-19

-3

3
13
26
42

54

T
90

3

-6
-23
~49
~103
-155
-326
-547

«c 4B S W

18
33
103
131

(Refer to Figure 11.)

L SR e idiiad

3
~12
-30
-61
-84

-128
~94
-97

ot

-3
19
51
99
161
212
276
336

0

-170
-330
-487
-873
-868
-1140

62
108
203
334
455
713
989

~-116
-186
-204

~79
-115
-191
-240

different fittings with the

19
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8/N4
Loads (lb) 8T1 @712
0 -3 -3
242 48 A0
829 110 04
10408 219 136
1506 319 200

2010 422 271
2619 510 338
3031 622 383

42

ATl

J
al
40
80
124
176
156

36

8/N2
13
0
24
48
)}
133

- 181 .
209
148

These are strain gages in the same locat

same design.

(Refer to Figure 11,)
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TABLE 8, 27M10001 STRAIN GAGE TEST DATA (pin, fin,)

A/N4 B/N2

9T3 1071 10T2 1073.10T1 1072 1073
3 -3 -3 -3 3 0 3
12 =16 -2 -2 -40 -37 3
4 -20 ~80 ~-=61 -108 -7¢0 6
42 -48 -108 -119 -200 -1G52 6
01. -84 -188 -180 -297 ~238 3
8 -77 213 -267 -384 -326 =9
12 -77  -261 -354 -840 -342 =64
118 -90——~1325 -425 -161 -299 -112

ion on two difforent fittings with the

NOTE: -THICKNESS (t) 1S IN INCHES,
FIRST NUMBER IS THE MEASURED 1,
NUMBER IN PARENTHESIS IS DESIGN-¢t,

FAILURE 27M10001 §/N3

(0, 48, -48, 80) )
(10,48, 45, B01g) p | 'sle

FAILURE
27M10001 S/N2,
8/Na

....................

INES 4 -

—-E_--t-.mtm
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4, 2710002 Teat Results
Tablea 8 through 11 present strain Ange toat daia,  Tahles 12 and 13 prosont
aomparison of toat and snalytienl rosults, Looatlana of atraln gagea are Prosonted on
; Figure 12, The threa fittings fallad acronns the bolt hales on the x-fage at an averagn
; lond of 4321 1h, This was the highost averaga follure lond of all four tont configurn-
o tlona,
| TARTEA-~--27M10002 HTRAIN GAGE TEST DATA (uin. /in.)
1713 2113 4T 18 :
Lond (Ib)  B/NZ B/N3 H/N4 8/N2 H/N3 /N4 8/N2  B/NS /N4 f
1 500 134 143 149 68 3 g1 g g 6
. 1000 288 810 313 138 88 184 6 48 18 ;
. 1500 479 496 480 242 166 294 27 ~58 6 !
% 2000 686 689 647 364 264 301 65 -67 -18 .
f 2600 895 924 820 488 364  4u7 88 -3 -39 |
- 3000 1104 1148 1006 627 479 585 134 -8 -61 ‘ i
3500 1320 1404 1173 772 616 @651 182 -73  -88 -
4000 1617 1750 1364 933 812 463 237 -8l -167 -
. 4300 1626 1987 1016 906 270 -67 ;
. 4400 1690 1068 270 E ?
|
TABLE 10. 27M10002 STRAIN GAGE TEST DATA (uin./in.) -
3 1714 2714 3714 F
Load (Ib) 8/Nz S/N3 S/N4 S/N2 S/N3 S/N4 S/NZ S/N3 8/N4 k
|
500 68 43 61 6 -24 -3 g7 -101 -g1 h g
1000 115 82 126 12 -2 -9  -140 -213 -18p -
. 1500 173 122 185 12 -82 -18  -225  -323 -282 ;
1o 2000 237 164 252 0 -115 -38 -328 -438 -394 ]
i 2500 325 207 837 -3 -149 6B  -449  -554  -525 '
b 3009 437 249 443  -27 -186  -79  -BYS - --g76 -G83. y
3500 562 304 580 -45 -218 -109 -768  -816 -8&Y :
: 4000 - 735 386 1069 -B5 -264 -400 -99B  -PP3 -1793 :
4300 947 465 -172  -303 ~1317  -~1145

4400 1193 -306 -1717
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TABLE 11. 27M10002 STRAIN GAGE TEST DATA (uin,/in,) 4’
1715 2710 aT1a P
Loads (Ib) S/N2 B/N3 8/N4 B/N2 8/N3 §/N4 8/N2 B/N3 /N4 -
600 ~40  -36  -46 0 -6 -9 39 52 46 'T
1000 -79  -~73 -88 -9 -16  ~18 86 100 87 L
1800 -118 ~-100 -131 -12 -24  -24 136 149 162 *
2000 -161 ~-143 -176 -18 -30 ~-27 191 197 212 ,
2600 -207 -182 -222 -27 -36 -24 249 249 278 ot
3000 -270 -219 -282 -33 -43 -27 . 821 207 358 ) Lo
3500 -343 -2656 -361 -40 -58 -33 403 355 461 ;
4000 -462 -306 -723-..:-36 -82 165 522 421 958 q ;} |
4300  -601 -364 -9 -112 679 485 ;f f'
4400 -726 46 840 b
:

TABLE 12. 27M10002 COMPARISON OF TESTS AND 8Q5 RESULTS (uin./in.) .

T
|
Analysis at 2500 b (before audible fiber breakage): t .
Q5 S/N2 S/N3 S/N4 -
T13 T13 T13 113 ‘
e - 895 895 924 829
&y -141 88 -3 -39 i
a
Yy +32 £7 +123 +204 }
a. Strain gages were not oriented consistently. )
b. Probable test polarity problem. This surface is in compression.

e el
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TABLE 13,
8Qb

T4  T16

8/N2
T14

T15

8/N3

TY T

Analysis at 2600 1b (before audible fiber damage):

€y 142 -227
cy -7 201
nya 164 +8

Analysis at 4000 1lb:

€y 226 ~363
- 2
ey 11 322
a
ny +103 15

326
-449
t118

736

-207 207
249 - 664
+96 149

-452 386
522 -983

*142 79

a. Strain gages were not oriented consistently.

{(0, 46, —48, 80)g) g+

{(o, 80, 46, —48, 45, 80, 0, 90, ~48, 485, 0’8] 3

SEAM LINE "‘\

e

Y
h ¥ 4\
L (T13

- i

<3V | |~ SEAM LINE

temiar 4 teere raes

-@-.-.-.,...H....

o}

[ t = 440 (.38)

(190, -45, 45, 0, 80, ~48, 45, 0)g] ,

Figure

12. Strain gage and faihi

je— t = 72 (,80)

-306
421
279

NOTE:

27M10002 COMPARISON OF TEST AND 8Q6 RESULTS (uin./in,)

8/N4
T14-.... T1G
337 -222

- 525 273
72 +99
1069 -723
-1783 958
+175

1086

THICKNESSES (t) IS IN INCHES.

FIRST NUMBER IS THE MEASURED t.
NUMBﬁR IN PARENTHESIS IS
t.

DESIG

((0,90, 45, —45, —48, <5, 80, 0, 90, ~45, 45, O)gla

FAILURE
27M10002
8/N2, 8/N3,

8/N4

- tw 287 (,24)

SEAM LINE

re locations.
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; 3. 2TM10003 Test Results '
njggl'; Tables 14 through 16 present atrain gag2 test data, Tables 17 and 18 present
comparison of test and analytical results., lLocations of strain. gages are presented on
g Figure 13, 8/N2 and 8/N3 failed across the bolt holes on the x-~face at an average .
load of 3463 b, 8/N1 was not retrofitted with a radius insert and failed across the ;
bolt holes and stiffener on the z-face at a load of 2229 Ib, P!
’ TABLE 14. 27M10003-STRAIN GAGE TEST DATA.(uin./in.) |
1T13 2T13 3T13 »
Load (Ib) 8/N1% 8/N2 §/N3 S/NI1® S/N2 S/N3 S/N1® S/N2 S/N3 i
| 500 273 158 79 239 118 27 o4 9 -8 i
1000 526 337 152 430 248 49 152 30 -12 Co g
1500 1015 550 246 763 400 79 137 55 -9 i
o 2000 1938 796 3565 1387 585 128  -58 91 -3 P
2500 1057 504 806 222 134 21 B
= 3000 1340 717 993 383 176 64 ‘
3100 1410 760 1057 434 188 82 i
3200 1571 811 1157 483 179 g8 .
- 3500 - 963 635 125 L
=, 3600 1030 - 757 131 ! f
ff a. Did not have radius insert '
,, TABLE 15. 27M10003 STRAIN GAGE TEST DATA (uin./in.)
1T14 2714 3T14 4
oo
: Load-(Ib) §/N1% §/N2 S/N3 S/N1® §/N2 S/N3 §/N1® S/N2 S/N3 “;1
. |
500 82 55 46 -12 -43  -40 -116 -125  -113 .
1000 164 109 81 -30 -97 -88 -238 -268 -235 A
1500 2170 1867 137 -85  -152 -143 -375 -414  -369 |
2000 389 231 188  -112  -209 -201 -536 -576 -512 i
1 2600 307 243 -255 -256 -737  -664 |
| 3000 465 318 -201  -304 ~1045 -832
3100 526 337 -328 -310 -1185 -871 1
3200 598 352 -358 -316 -1401  -908 |
- 3500 416 -344 -1026 f .
] 3600 459 -411 -1167 |-
E a. Did not have radius insert. | .
4 24 L
G"
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TABLE 16. --2'M10003 STRAIN GAGE TEST DATA (uin,/in.) 1
1T 16 2716 3T15 - :
Load (Ib) 8/N1® 8/N2 8/N3 8/N1" §/N2 S8/N3 8/N1° 8/N2 8/N3 |
500 -82 46 -~68 0 6 318 0 e i
1000 ~106 -97 -118 9 12 9 165 140 133 !
1500 ~179  -149 -186 21 27 18 237 216 212 |
2000 -243  -203 -246 56 40 30 309 207  .207 -
2500 -258  -304 36 46 382 391 b
Loy
3000 -367 -370 8 81 531 508 o
3100 -392 -383 30 61 588 525 .
3200 -410 -398 52 81 676 546 {
3500 -437 67 . 619 P
: 3600 -577 161 940 ., §
a. Did not have radius insert. g ‘
TABLE 17. 27M10003 COMPARISON OF TEST AND SQ5 RESULTS (uin./in.) ﬂ "'
Q5 S/N1®  S/Nz2  S/N3 : : F
T13 T13 T13 T13 L
€ -353°¢ 526 337 152
!
&y X -46 152 30 -12 ik
\ B
Yxy +12 +182 £129 +42 :
a. Did not have radius insert.
b. Strain gages were not oriented consistently. "
c¢. Probable test polarity problem. This surface :

is in compression.

'y )
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TABLE 18, 27M10003.COMPARISEON OF TEST AND 8Q6 RESULTS (pin. /in.)
8Q6 8/N14 8/N2 8/N3
- Il4 T8 T4 . T8 T4  TIB T4 TS
Analysis at 1000 1b (before audible fiber breakage) :
Co 72 -121 164 -106 109. -~97 91 -~118
ey -36 106 ~238 166 -268 140 -235 133
yxyb +34 11 14 #31 35 19 +32 x3
Analysis at 2500 1b:
: €y 179 -304 307 -258 243 ~304
&y -91 265 -737 382  -664 392
5 b + + + + + +
Yay +84 £28 180 £52 £91 +4
> a. Did not have radius insert.
B b. Strain gages were not oriented consistently.
.‘. “o» ‘ao "‘s: ”’s] 12 Y
| - il
e \v~ NUMBER IN PARENTHESIS 16—~
! v DESIGN t,

' .@_.

1

—(T13)

I ST
L. U PR
H -
-
$

26

, 10w o t = 2847 (.24)
* . ‘Q'
Wi FAILURE 27M10003 §/N1 .-
t= 5671 (.48) t= 2847 (24) SEAM LINE- (}"85,
{ \__Te
S T O SN . \ REEEIRTY SRS FAILUKE

BRI D 4 ( L] ey 27M10003
— T *E"'{“} - .L‘-’_ p 8/N2, /N3

| leseamune - { | -7 iRat :

b P .

E : VO ] E

! . v N ;

: | ! ! |
(10, 48, ~45, 9011 4 s L) N bF T s asr 2

oY by

Lo

i S
Figure 13. Strain gage and failure locations.
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4. 2710000 Test Results

Tables 19 through 21 present strain gage test data,
comparison of test and analytical results,
Figure 14. The fittings were made by bonding three laminated pleces together with
The two fittings failed along the bond lines at an average load of 3126

Hysoel EA-934.

1b. Hysol EA-934 has an ultimate shear strength of 3100 psi.

Tables 22 and 23 present
Locations of strain gages are presenied on

bonding area of the sides (y-face) alone, tho bond failed at 143 psi.

TABLE 18,
1T13
Load (Ib) S/N1 S/N2
500 94 33
. 1000 204 119
1500 334 267
2000 456 428
2500 556 529
3000 842 817..
3100 939
3200 1109
TABLE 20.
1T14
Load (ib) S/N1  £/N2
500 43 36
1000 85 73
1500 .. 137 118
. 2000 182 167
2500 231 213
. 3000 143 131
3100 134
3200 140

a

N

AL o e

S/N1

2T14
S/N1

9

21
30
37
21
-280

LT et S e L
Ko g E T

i TR IT TIUE U OIS I SPPp e VS YRR e et

27M10009 STRAIN GAGE TEST DATA (uin./in.)

3T13

§/N2  8/N

16 ——47

61 106
158 191
273.. 295

346 401
535 783
611
720

27M10009 STRAIN GAGE TEST DATA (uin./in.)

3T14

S/N2 S/N1

9 -46

18 -94

30 -146

34 ~-107
-91 -289
-335 -664
-374
-475

kS

B I

However, based on the

S/N2

———

156

46
115
213
322
518
586
686

S/N2

-165
-423
-691
-765
~899

i - A At S zas tw bt

i
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|
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i
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TABLE 21. 27M10009 STRAIN GAGE TEST DATA (pin, /in,)

1T186
Loads (1b) 8/N1
500 ~30
1000 ~64
1600 ~100
2000 -140
2500 -182
3000 -240
3100
3200

2718

SN2 B/

~24 ~6

=80 =12

~80 =21
~118 -27
~161 ~-24
-197 210
-213
~252

3T16
8/N2  B/N1
0 34
3 67
~12 103
-18 . 143
. =86 192
67 612
55
46

o7
125
313
341
414 —

TABLE.22, 27M10009 COMPARISON OF TEST AND SQ5 RESULTS (uin./in.)

Analysis at 1500 Ib. (before audible fiber breakage) :

SQ5 T13 S/N1 T13 S/N2 T13... .. .
&y -368P 334 267
y -138 . 101 115
Yy £59 £211 166

a. Strain gages were not orie
b. Probable test pelarity pro

is in compression.

nted consistently.
blem.

This surface

TABLE 23. 27M10009 COMPARISON OF TEST A’,ND S8Q5 RESULTS (uin. /in.)

8Q5. S/N1 S/N2
T14 - T15 T14 T16 T14 T15
€x 208 -26 137 -100 118 -85
ey -138. 66 -146 103 -110 70
d
ny 19 +34 169 145 152 19
d. Strain gages were not oriented consistently.
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Figure 14. Strain gage locations.

CONCLUSIONS AND RECOMMENDATIONS

o r— L - i M e m

27M10001, 27M10002, and 27M10003 are similar in design except for layup and
seam locations. As can be concluded from the ultimate failure loads, thickness was ;‘
the most important factor with 27M10002 being the thickest and strongest of the three
designs. When the laminate is quasi-isotropic and balanced, thickness will determine
ultimate load capability.

27M10009 failed at the lowest load even though it was the thickest.of all four 5
designs. Bonding three sections together with Hysol EA-934 was-not a good design. 3
However, this eould also have resulted from faulty fabrication. :

|
l

The test results did not closely correlate with the analytical results. Test z
results between the fittings of each configuration did not closely correlate either. i
. The lack of correlation within a given configuration is probably due to the lack of
good quality control in the fabrication process. However, this type of variation is
inherent ih composites.

EP42 does not have the analysis capability to redistribute loads if-one or more
lamina fails prior to gross failure of the laminate. Both SPAR and SQ5 perform linear
analysis. The overall behavior of the laminate is nonlinear if one or more lamina fails
prior to gross laminate failure. To perform adequate analysis, a 3-D finite element
program that performs progressive failure analysis is required. Such a progressive
failure analysis is presented in Figure 15, .

29




ORIGINAL PAGE IS
OF POOR QUALITY,

Beveral problems were encountored., On the firast component, the application of
a kapton backing between the strain gages and the part praved very time consuming
and also resulted in gage problems. The backing was eliminated for the other com-
ponents, Application of gages was performed by the different groups, which negated
the learning curves in applying the devices, Due to scheduling prablems, the initial
soquonce between tests, namely a two-wook spacing for data reduction and correla-
tlon, and strain gage location determination, was not maintalnod., BStrain gage location
on subsequent components were determined without tho bonefit of previous test
results, Finally, thore was the change in thickness of the fabricated parts, as
montioned before. As large variation of thickness was cncountered, it made the data
reduction, reanalysis and corrolation between like components difficult. The same
problems were present on the plate material used for material property evaluation.
Even so, the obtainod values appeared rdéasonable, accuracy could have bsen improved
by using more time and more sample materinls. A ocertain thickness dependence of the
propertics was observed in the quasi-isotropic layup, which would require additional
work in the future. In general, the development program showed the need for addi-
tional experimental and analytical effort in the event of composite use for eomplex
fittings and shapes.
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* Ref: dJones, Robert M., Mechanics of Composite Materials, 1975

Figure 16. Progressive failure analysis.
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